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should leave little room for observer bias.1 At the same
time, models should take into account all factors that
have a strong independent association with operative
risk. Several previous studies attempting to quantify the
angiographic extent of coronary disease to predict oper-
ative risk have concentrated on the amount of
myocardium at risk or the severity of proximal coronary
lesions.2-6 Although the extent of disease in the distal
coronary vessels is generally accepted to be associated
with a poor surgical outcome, measures of distal coro-
nary disease have not been included in predictive mod-
els1,7-12 because they were considered subjective and
prone to interobserver bias.1 To our knowledge, only 2
studies have attempted to include a measure of distal
disease status in predictive models. One of these scored
diffuse distal coronary disease as present if a coronary
endarterectomy was planned as part of the procedure,13
and the other scored it as present if it was mentioned in
the patient’s chart.14 Neither of these studies used an
objective measure based on angiographic findings. 
S urgeons and hospitals that perform coronary arterybypass grafting (CABG) sometimes consider high
mortality figures to be misleading because they believe
their patients are in a higher risk category than those
operated on by others. To address this, statistical mod-
els have been developed to estimate operative risk on
the basis of the presence or absence of clinical risk fac-
tors. To be applicable to all patients undergoing cardiac
operations, such a risk model should include only
objective factors that are available on all patients and
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The present study uses a retrospective parallel case-
series design with 2 consecutive groups of patients,
those who survived CABG and those who did not, to
test the following hypotheses: (1) a structured reading
of the coronary angiogram can provide a reproducible
and reliable semiquantitative measure of the severity of
distal coronary disease, and (2) such a measure would
contribute additional information regarding surgical
outcomes beyond that provided by baseline clinical
indicators. 
Method
Patient population. Patients were identified retrospective-
ly from a database containing all patients undergoing CABG
at the Ottawa Heart Institute. Two sequential case series were
identified. The first consisted of 34 consecutive patients who
died in the hospital after non-urgent CABG over a period of
1 year. The second consisted of 100 consecutive patients
undergoing CABG who were discharged alive during a 2-
month period in the same year in which the nonsurvivors
were treated. This method was used to limit this pilot study to
a manageable number of patients, while at the same time
including a sufficient number of end points to evaluate the
diffuseness score. Patients who were in hemodynamically
unstable condition immediately before the operation were
excluded because this subgroup would include patients with
premorbid conditions that would contaminate the evaluation
of distal coronary anatomy as a risk factor. Patients undergo-
ing repeat CABG were included because distal coronary dis-
ease might contribute to their known high operative risk and
because this would allow comparison of distal coronary dis-
ease with other risk factors known to be important. Patients
requiring concomitant procedures such as valve surgery or
aneurysmectomy were excluded because these other proce-
dures would contribute significantly to operative mortality. 
The medical records of each eligible patient were reviewed
for the following variables: age, sex, diabetes mellitus, prior
myocardial infarction, and previous or current congestive
heart failure. Tu, Jaglal, and Naylor11 have shown that the
inclusion of these variables, in combination with a measure
of left ventricular function, accounts for most of the predic-
tive ability of statistical models of surgical risk. A measure of
ejection fraction was not included in this study because it was
not available on all patients, and we thought it important to
include sequential series of survivors and nonsurvivors.
Development of the method to quantify distal coronary
disease. All angiograms were read by 1 of 2 investigators
(R.J.C. or R.F.D.). To develop a reproducible and reliable
method, these 2 investigators read 30 angiograms together to
identify factors that might introduce variability into the
method and develop conventions to deal with them. After
they had evaluated the 30 angiograms, it was apparent that an
angiogram could be scored in between 6 and 10 minutes and
that accomplishing this during the usual clinical reading of an
angiogram would require only an additional 1 to 3 minutes.
The method that was developed allowed for anatomic varia-
tions in the distribution and size of different coronary branch-
es by taking into account the area of myocardium supplied by
each vascular segment. It was accomplished by means of the
following 4 steps. 
1. Weighting coronary segments according to the amount of
myocardium supplied. The left ventricle was divided into 8
approximately equal areas by means of a method similar to
that developed for the Coronary Artery Surgery Study
(CASS). The coronary tree was then divided into anatomical-
ly meaningful segments, each of which was given a weight
based on the estimated amount of left ventricular myocardium
it supplied. To account for patient-to-patient variation in the
size of individual coronary branches, the weights assigned to
each segment were adjusted in steps of 0.5, such that the
summed weight for all coronary segments was 8. For a patient
with right dominant circulation in which the left anterior
descending coronary artery (LAD) extends to the left ventric-
ular (LV) apex, weights might be distributed as shown in Table
Table I. Examples of weighting of coronary segments
Weighting
Large Left 
Coronary segment Balanced LAD, IM dominance
Proximal LAD including S1 1.5 1.5 1.5
Distal LAD 1.5 2 1.5
First diagonal branch 1 0.5 1
Second diagonal branch 0 0 0
Third diagonal branch 0 0 0
Isolated marginal branch 0 1.5 0
First marginal branch of 1 0 1
circumflex
Second marginal branch of 1 1 1
circumflex
LV branch of circumflex 0 0 0.5
PIV branch of circumflex 0 0 1.5
PIV branch of RCA 1.5 0.5 0
LV branches of RCA 0.5 1 0
Total 8 8 8
LAD, Left anterior descending coronary artery; IM, isolated marginal branch;
S1, first septal branch; LV, left ventricular branch; PIV, posterior interventric-
ular branch; RCA, right coronary artery.
Table II. Weighting of segments by angiographic
appearance
Grade Description
0 Not at risk
1 >2 mm; large normal vessel
2 1.5-2.0 mm; medium, normal, or large with mild disease 
3 1.0-1.5 mm; moderate disease
4 0.5-1.0 mm; severe disease
5 <0.5 mm; very severe disease or totally occluded and 
poorly visualized or not suitable for revascularization 
by CABG 
CABG, Coronary artery bypass grafting.
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I, column 2 (Balanced). If a patient had a large distal LAD
segment that extended around the LV apex and a large isolat-
ed marginal branch, the weights might be assigned as shown
in Table I, column 3 (Large LAD, IM). In the case of a left
dominant circulation, more weight was assigned to branches
of the circumflex artery and less to branches of the right coro-
nary artery, as shown in Table I, column 4 (Left dominance). 
2. Identification of segments at risk. A significant coronary
stenosis was defined as one visually estimated as at least 50%
reduction in luminal diameter for left main stenosis or at least
70% for other branches. Segments distal to significant
stenoses were considered at risk. 
3. Grading of segments. Segments not at risk were given a
rating of 0. Segments at risk were given a grade of 1 to 5 on
Fig 1. Example of structured reading of an angiogram with a diffuseness score of 9.5. All 8 left ventricular (LV)
segments were “at risk.” A small first diagonal branch (D1) of the left anterior descending artery (LAD) was given
a weight of 0.5 and a rating of 4 (0.5-1.0 mm, severe disease). The remainder of the LAD and its branches were
given a combined weight of 3.5 and a rating of 1 (>2 mm, large normal vessel). A large first marginal branch (M1)
of the circumflex coronary artery was given a weight of 2 and a rating of 1. The posterior intraventricular (PIV)
and LV branches of the right coronary artery (RCA) were scored together and given a combined weight of 2 and
a rating of 1.
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the basis of vessel caliber and extent of atherosclerosis (Table
II). The catheter diameter was used as a reference (8F = 2.63
mm, 6F = 2.00 mm). The rating assigned to each segment
took into account all stenoses with the exception of the most
proximal stenosis. Segments at risk that were deemed inac-
cessible to revascularization by CABG were assigned the
worst grade (5), regardless of vessel caliber (eg, a large sep-
tal branch of the LAD “bracketed” by two stenoses: one prox-
imal and one distal). If a completely occluded artery was well
visualized via collateral filling, it was graded in the same way
Fig 2. Example of structured reading of an angiogram with a diffuseness score of 18. All 8 left ventricular (LV)
segments were “at risk.” A large first septal perforator (S1) was given a weight of 1. It was deemed not suitable
for revascularization because of a proximal lesion and therefore given a rating of 5. Other branches of the left
anterior descending artery (LAD) were rated as 3 (1-1.5 mm, moderate disease). A large first marginal branch of
the circumflex artery (M1) was given a weight of 2 and a rating of 1 (>2 mm, large normal vessel). The posteri-
or intraventricular branch (PIV) of the right coronary artery (RCA) and LV branches of the RCA were scored sep-
arately because of a lesion involving the crux. Each was given a weight of 1 and rating of 1.
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as other segments. A completely occluded artery that was not
visualized was also assigned a grade of 5 regardless of
whether the other vessels were of good caliber. For conve-
nience, contiguous segments not separated by a significant
focal stenosis were weighted and graded as 1 unit. 
4. Calculation of a distal coronary diffuseness score. A dis-
tal coronary diffuseness score was calculated by summing the
product of rating and weight for each segment. The maxi-
mum possible score was 40, which would indicate all seg-
ments were at risk (triple vessel disease or left main plus right
coronary artery disease), with all distal vessels graded as 5
(severe diseased averaging 0.5 mm or less in diameter). By
contrast, a patient with an equivalent amount of myocardium
at risk with distal arterial segments graded as 1 (angiograph-
ically normal with a diameter of at least 2 mm) would have a
distal coronary diffuseness score of only 8.
The evaluation of angiograms with high and low diffuse-
ness scores is illustrated in Figs 1 to 3.
LV function. Left ventriculography had not been done in
15 (15%) of the 100 survivors and in 7 (21%) of the 34 non-
survivors. In the remainder, LV function was visually graded
on a scale from 0 to 4 as follows: 0 = normal LV function; 1
= mild impairment; 2 = moderate impairment; 3 = severe
impairment; 4 = very severe impairment. 
Interobserver and intraobserver reliability of distal
coronary diffuseness score. Once the initial 30 angiograms
were read, all 134 angiograms were then read by 2 of the
investigators (R.F.D., R.J.C.). Interobserver reliability was
assessed by giving each of the 2 readers 25 of the same
angiograms to read separately and comparing the results.
Intraobserver reliability was assessed by presenting 1 reader
(R.J.C.) with the same angiogram on 2 occasions (n = 30) and
comparing the results. 
To preserve blinding, the investigator who was not a read-
er (M.M.G.) removed identifying information from
angiograms and then presented them to the 2 readers for
interpretation. During validation of the technique,
angiograms presented to the investigator responsible for re-
reading were randomly interspersed with other angiograms in
such a way that the reader was not aware that it had been pre-
Fig 3. Example of structured reading of an angiogram with a diffuseness score of 36. The first diagonal branch
(D1) of the left anterior descending artery (LAD) was given a weight of 1 and a rating of 4 (0.5-1.0 mm, severe
disease), as was an isolated marginal branch. The first marginal branch (M1) of the circumflex artery was given
a weight of 1 and rating of 3 (1.0-1.5 mm, moderate disease). The distal right coronary (RCA) and circumflex
arteries filled by collaterals and were given a combined rating of 3 (<0.5 mm, very severe disease or totally
occluded and poorly visualized). An RCA frame late in the angiographic cycle is shown to demonstrate the faint,
late filling of the distal LAD via collaterals. This vessel was given a weight of 2 and a rating of 5.
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viously read. These re-readings were separated by at least 2
days. Subsequently, readers had no knowledge of clinical out-
comes at the time angiograms were scored. 
Statistical analysis. Data were analyzed with the use of
SPSS version 8.0 (SPSS, Inc, Chicago, Ill). Interobserver and
intraobserver reliability of the diffuseness score was assessed
by calculating Pearson’s correlation coefficient for paired
readings of the same angiogram. Univariate associations with
in-hospital mortality were assessed by means of the c 2 test for
categoric variables (sex, prior myocardial infarction, prior
heart failure, diabetes, surgical urgency, repeat surgery, and
LV function). The Student t test was used for continuous vari-
ables (age and distal coronary diffuseness score). The inde-
pendent associations of all factors with a univariate associa-
tion with hospital death (a of .10 or less) were determined by
logistic regression modeling. LV function, which was not a
significant univariate predictor of mortality in those patients
who had undergone left ventriculography, was not included as
a predictor in logistic models because it was not available in
all patients. A 2-tailed a of .05 was used as the minimum cri-
terion for statistical significance in logistic models. 
Results
Demographic and clinical characteristics of the 134
study patients are shown in Table III. Survivors and
nonsurvivors did not differ significantly in age, sex,
prior heart failure, myocardial infarction and diabetes,
or in the distribution of LV function. Nonsurvivors
were more likely to have had urgent surgery rather than
elective surgery and were more likely to have had a sec-
ond rather than an initial operation.
Interobserver and intraobserver reliability of dis-
tal coronary diffuseness score. Fig 4 is an influence
plot showing the correlation of separate, blinded deter-
minations of the distal coronary diffuseness score by the
same reader. The size of each data point corresponds to
its influence on the overall correlation. The overall cor-
relation was 0.76 (P < .001), including 1 extreme outlier
indicated by the large data point in the lower right quad-
rant of the plot. In this patient, the distal vessels of the
LAD and circumflex coronary artery were of large cal-
iber with no apparent distal disease (diffuseness rating
of 1), whereas the right coronary artery was totally
occluded and poorly visualized via collaterals. During
the first reading, this vessel had been given an inappro-
priately good rating because the caliber of the LAD and
circumflex arteries suggested that the right coronary
artery might also be a good-caliber vessel if it was bet-
ter visualized. During the second reading, this vessel
was given a rating of 5, which was appropriate for a
poorly visualized vessel according to our agreed-on
convention. On review, there was a consensus that the
second reading was correct. When this outlier was
adjusted, the overall correlation improved to 0.81. The
independent, blinded readings done by the different
investigators were highly correlated (Pearson’s r = 0.83,
P < .001) and did not differ significantly (mean scores
22.7 and 22.8, P = .86 by t test) (Fig 5). 
Relationship of distal coronary diffuseness score to
baseline clinical variables. Table IV shows the rela-
tionship between the distal coronary diffuseness score
and baseline clinical variables. Patients with prior
myocardial infarction had a significantly higher mean
score than those without prior infarction. There were
nonsignificant tendencies for men and for those with
diabetes to have higher scores. Scores for patients with
and without other baseline variables were quite similar.
Among patients who had undergone ventriculography,
the distal coronary diffuseness score was not significant-
ly related to LV class (P = .29 by analysis of variance).
Relationship between distal coronary diffuseness
score and postoperative mortality. The distal coro-
nary diffuseness score was a significant univariate and
multivariate predictor of hospital mortality. The mean
score was 21.8 in survivors and 25.5 in nonsurvivors
(2-tailed P value = .023 by t test). After adjustment for
other factors, the b coefficient associated with the dif-
fuseness score was 1.09 (Table V), indicating that each
unit increase in the 40-point score is associated with a
9% increase in the likelihood that an individual patient
Table III. Patient characteristics, priority for surgery,
and diffuseness score of a parallel, consecutive case
series of 100 survivors and 34 nonsurvivors of CABG 
Consecutive Consecutive 
survivors nonsurvivors 
Variable (n = 100) (n = 34)
Age (y): mean ± SD 60.2 ± 8.6 61.3 ± 8.8
Sex: % male 74 77
History
CHF (%) 46 53
MI (%) 72 77
Diabetes (%) 21 29
LV class (%)
Normal 27 21
Mild impairment (1) 21 27
Moderate impairment (2) 18 18
Severe impairment (3) 14 9
Very severe impairment (4) 5 6
Not done 15 21
Surgery
Urgent* (%) 22 56
Repeat† (%) 3 32
Diffuseness score: 21.8 25.5
mean ± SD†
CHF, Congestive heart failure; MI, myocardial infarction; LV, left ventricular;
SD, standard deviation.
*P < .01 (t test).
†P < .05. (t test).
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was in the cohort that died before discharge. The mul-
tivariate model in Table V shows this relationship to be
independent of baseline clinical factors including the
other 2 strong predictors of in-hospital mortality, which
were repeat surgery and surgical urgency. A logistic
model restricted to patients undergoing elective opera-
tions revealed repeat CABG and the distal coronary
diffuseness score to be the only significant predictors
of outcome. Similarly, a model restricted to patients
undergoing first-time operations revealed surgical
urgency and distal coronary diffuseness score as pre-
dictors. Finally, when only patients undergoing first-
time elective operations were included, the distal coro-
nary diffuseness score was the only significant
predictor. Table VI shows the distributions of the distal
coronary diffuseness score for survivors and nonsur-
vivors and illustrates that nonsurvivors had a higher
proportion of high scores than survivors. 
Factors associated with death in nonsurvivors.
The majority of deaths occurred early, with 17 of 34
occurring within 2 days of the operation and 27 of 34
within 1 week of the operation. Low cardiac output or
prolonged intubation was a contributing factor in 25 of
34 deaths. Twelve of the patients who died had periop-
erative myocardial infarction, 2 with new Q waves seen
on the electrocardiogram. Other significant factors
contributing to death were perioperative bleeding (2
patients), malignant ventricular arrhythmias (3 patients),
aortic dissection (2 patients), stroke (2 patients), and
infection (3 patients).
Discussion
By limiting blood flow, narrow-caliber native vessels
predispose to stasis and thrombosis, resulting in both
graft failure and vessel occlusion distal to the point of
graft insertion. Even when the graft and the native
artery remain patent, the ischemia caused by inade-
quate blood flow may predispose to arrhythmia and
depress ventricular function. The present results show
that it is possible to objectively quantify this risk factor
Fig 4. Influence plot of 2 independent readings of 30 angiograms by the same reader. The scale at the right repre-
sents the amount the overall correlation would change with the removal of a data point of the indicated size. The
outlier represented by the large data point in the lower right quadrant was due to an inappropriately good rating
being given to a totally occluded vessel that was not well visualized. With this outlier, Pearson’s r was 0.76 (P <
.001). When the outlier was re-read according to the conventions developed for this method, this improved to 0.81.
Fig 5. Correlation between blinded, independent determina-
tions of the distal coronary diffuseness score by different
readers. Pearson’s r was 0.83; P < .001.
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via a structured reading of the coronary angiogram and
that the resulting measure of distal coronary artery dis-
ease strongly predicts in-hospital mortality indepen-
dently of other risk factors. Such a measure therefore
has the potential to significantly improve the objective
prediction of operative risk by statistical models. 
Previous studies. Several previous studies have
attempted to quantify the angiographic extent of coro-
nary disease to predict operative risk. The method
developed by Gensini2 considers the amount of
myocardium supplied by each coronary segment and
scores lesions according to reduction in luminal diam-
eter. Distal segments are rated as graftable or not
graftable; however, the extent of distal disease is not
quantified. A method developed by Friesinger, O’Neal,
and Ross3 scores the main coronary trunks for reduc-
tion in cross-sectional area, but it does not account for
major artery variability or significant stenoses in
important branches and does not consider distal dis-
ease. The method developed by Brandt, Partridge, and
Wattie4 considers the amount of myocardium supplied
by each arterial segment but scores only the most
severe stenosis in an artery and does not quantify distal
disease. Similarly, the Coronary Atherosclerosis Score
of Jenkins, Harper, and Nestel5 is based only on the
extent and severity of proximal coronary stenoses. The
Mean Atherosclerotic Score developed by Oysel and
associates6 takes into account the size, severity, and
number of lesions in each of 15 coronary segments, but
not the state of the vessel distal to these lesions. Neither
of the 2 previous studies that included diffuseness of
distal coronary disease in predictive models13,14 used
an objective method to quantify this factor. 
Limitations. This was a small pilot study design to
show that a structured reading of the coronary
angiogram was feasible and that a semiquantitative mea-
sure of the severity of distal coronary disease derived
from it was reproducible, reliable, and independently
associated with surgical outcome. It was conducted at
only 1 clinical site. For this measure to be useful in com-
paring results across centers, it would have to be demon-
strated that a scoring system could be implemented in
multiple sites and still be reproducible and reliable. 
The limited number of patients included in this study
necessarily limits the extent to which these findings can
be generalized. Patients included were unselected,
sequential groups of survivors and nonsurvivors of
nonemergency CABG and are likely representative
within these groups. However, combining these 2
cohorts produced a study population with a much high-
er surgical mortality than would occur among sequen-
tial patients referred for nonemergency CABG. This
approach is valid for demonstrating that a reproducible
and reliable semiquantitative measure of distal coro-
nary disease is both achievable and associated with
mortality. It cannot be used to develop predictive mod-
els, because the odds ratios associated with clinical pre-
Table IV. Relationship between coronary artery 
diffuseness score and other patient characteristics
Mean diffuseness score 
by characteristic
Characteristic Yes (n) No (n)
History of heart failure 23.0 (64) 22.1 (70)
History of diabetes 24.7 (31) 22.1 (103)
Prior myocardial infarction* 23.7 (98) 20.1 (36)
Male sex 23.5 (100) 20.4 (34)
Urgent surgery 22.1 (41) 23.0 (93)
Repeat surgery 21.9 (14) 22.8 (120)
*P < .05, t test.
Table V. Logistic regression model predicting in-hos-
pital death
Variable in model Odds ratio 95% CI
Repeat operation* 20.5 4.6-91.2
Urgent operation† 4.81 1.81-12.8
Diffuseness score (unit score)† 1.09 1.03-1.17
History of heart failure (yes) 1.78 0.87-4.66
Age (y) 1.02 0.97-1.09
History of previous MI (yes) 1.46 0.47- 4.49
History of diabetes (yes) 1.24 0.38-4.05
Sex (male) 0.81 0.30-2.67
CI, Confidence interval; MI, myocardial infarction.
*Goodness of fit (Hosmer-Lemeshow), P = .503. 
†Wald statistic, P < .01.
Table VI. Distribution (%) of diffuseness score within
groups of consecutive series of survivors and nonsur-
vivors after CABG
Consecutive Consecutive 
Diffuseness survivors nonsurvivors 
score (n = 100) (n = 34)
<10 10% 0%
10-14.5 12% 3%
15-19.5 16% 24%
20-24.5 23% 18%
25-29.5 22% 29%
30-34.5 12% 15%
35-40 5% 12%
Total 100% 100%
CABG, Coronary artery bypass grafting.
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dictors have extremely wide confidence bounds.
Consequently, several factors known to predict surgical
outcome from larger studies were not significantly
associated with mortality in this study. 
Because of its design, this study gives no information
regarding operative mortality. The sequential sample of
patients who died was accumulated over approximate-
ly 1 year, whereas the sample of survivors was accu-
mulated over a much shorter period. Therefore,
although 25% (34/134) of patients included in this
study died, the operative mortality rate was in fact
much lower. 
A larger prospective study of unselected patients
referred for CABG will be required to estimate the risk
associated with each factor with any accuracy. Such a
study would make it possible to construct receiver
operating curves for predictive models with and with-
out the diffuseness score included and to examine the
improvement in the C index.8 Ideally, this should be
accomplished by developing a predictive model based
on one sequential cohort of patients and testing its pre-
dictive accuracy on a second independent cohort.
Relationship of distal disease to other risk factors.
Several clinical risk factors known from larger studies to
be associated with operative mortality were not statisti-
cally significant predictors in this study. This is likely
because the small sample size of the present study limit-
ed its statistical power. The observation that distal coro-
nary diffuseness score was strongly predictive in this
study, despite its small sample size, suggests that this is
an important risk factor. These results raise the possibil-
ity that diffuse distal coronary disease may be a common
factor that contributes to the risk associated with clinical
and demographic predictors such as advanced age,
female sex, and diabetes. A much larger sample of
patients will be required to determine the extent to which
these factors “share variance.” If such a finding were
obtained, it might then be possible to select low- and
high-risk subgroups from these “high-risk” populations
based on their distal coronary anatomy.
Implications. The need for better models of patient-
specific surgical risk has been recognized both by the
American College of Cardiology/American Heart
Association Task Force on Coronary Artery Bypass
Graft Surgery15 and the Canadian Consensus Con-
ference on Revascularization.16 Weightman and associ-
ates17 compared 4 different scores for predicting oper-
ative risk and found all had areas under receiver
operating curves of 0.68 to 0.70. Other studies indicate
that most of the prognostic information available from
readily available clinical and demographic factors is
contained in as few as 6 “core” variables.8,18 Such mod-
els, although useful in comparing results across cen-
ters, are imperfect in this regard.19 They also lack suf-
ficient sensitivity and specificity to identify individuals
at particularly high risk.20
To be useful in predictive models, it is not sufficient
that a risk factor be strongly predictive of risk. The fac-
tor must also have an objective measure that is valid,
reproducible both within and between centers, and
widely available. In the case of distal coronary disease,
our results suggest that it would be possible to develop
and standardize a scoring method based on an explicit-
ly structured angiogram reading. The learning curve for
the method used in the present study was short. Scoring
an angiogram was straightforward and unambiguous
once rules and conventions were established. These
results suggest that such a measure is at least potential-
ly available in all centers that perform coronary angiog-
raphy and CABG. By contrast, the difficulties that
would be associated with methods that require special-
ized equipment or standardized views, such as quanti-
tative coronary angiography, would likely be insur-
mountable. However, since these results are limited to
2 angiographers, the broader applicability of this or any
similar method would have to be demonstrated. 
Wide availability poses a more difficult issue. After a
relatively short learning curve, we found that the struc-
tured reading of the coronary angiogram took between
6 and 10 minutes, including the time it took to mount
the film or CD on the viewer. Although this is quite
short, it is unlikely that centers performing CABG have
the resources to re-read the angiograms of all eligible
patients for this purpose. Therefore, to be widely avail-
able, a standardized measure would have to be incor-
porated into the routine clinical practice. This could be
accomplished either during the clinical reading of
angiograms or during peer-review rounds in which
patients proposed for CABG are reviewed. However, it
would require development and acceptance of a stan-
dardized method, an adequate incentive for all of the
angiographers to do it consistently, and a mechanism to
ensure reproducibility and consistency of results. 
Summary 
Our results demonstrate that quantification of the dif-
fuseness of distal coronary disease is possible on the
basis of a structured visual analysis of the coronary
angiogram and that the resulting score predicts in-hos-
pital postoperative risk. If this result is borne out in
larger prospective studies, and the problems involved
with standardizing such a measure and making it wide-
ly available can be overcome, its inclusion in models of
patient-specific risk may improve their accuracy. This
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would facilitate the comparison of results within and
across institutions and improve our ability to objective-
ly assess the risk of CABG in individual patients. 
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